and its formation, evolution and structure. Moreover, the stresses controlling eruptions imply that Enceladus' icy shell behaves as a thin elastic layer, perhaps only a few tens of kilometres thick.
Enceladus is a small (radius ,250 km) moon that orbits Saturn between the moons Mimas and Tethys with a period of 1.37 days. This proximity to Saturn means that tidal dissipation should have quickly circularized the orbit. However, a 2:1 mean motion resonance with the moon Dione, which orbits just beyond Tethys, excites the orbital eccentricity to the observed value of 0.0047, which in turn produces periodic tidal stress on the surface.
A thin-shell approximation yields the surface stresses from the tidal deformation of a thin, elastic outer layer 11 , assuming that this layer is decoupled from the deeper interior of the body (for example, by a fluid layer 12, 13 ). Thus there is negligible shear between the elastic shell and the interior. The thin-shell approximation of surface stress is valid as long as the elastic outer layer is not thick enough to begin significantly hampering tidal deformation of the body. For Europa, the stresses in an icy elastic outer layer of ,15 km have been shown not to differ significantly from the thin-shell approximation of surface stress 14 . The thin elastic layer deforms to fit the tidal figure of the body's interior. The horizontal strain of this shell, as required to fit the tidally distorted interior, produces stress on the surface, given by:
and
where h is the angular distance measured with respect to the tidal distortion's axis of symmetry (ostensibly the sub-anti-saturnian line) 15, 16 . The quantity s hh is the stress along the surface in the direction radial to the tidal bulges, while s QQ is the stress along the surface in a direction orthogonal to the s hh stress. In these expressions m is the rigidity of the shell, n is Poisson's ratio, r av is the average density of the body, and M is the mass of Saturn, the tide-raiser, which is a distance a from the centre of the deformed body. The magnitude of the tidal stress on the surface is proportional to the Love number h 2 , which is a constant of proportionality that governs the tidal deformation of the body, and is determined by its internal structure.
Enceladus' finite eccentricity causes small daily changes in a and h. For example, during Enceladus' orbit, between pericentre and apocentre, the change in distance from Saturn produces a small variation in the height of the main tide with an amplitude of (9eh 2 MR)/ (4r av a 3 ), where R is Enceladus' radius and e is its eccentricity. In addition to the change in the amplitude of the tide, Saturn's angular position with respect to a fixed location above Enceladus' surface oscillates with an amplitude of 2e radians east and west, changing One of these features (Cairo sulcus) has arcuate segments similar to the cycloidal ridges on Europa 22 , where distinctive cycloidal patterns were probably produced by periodic tidal stresses 14, 23 . The similar shape suggests a similar formation process controlled by diurnal tidal stresses 22 .
the angular distance to the tidal bulge h slightly. These two effects combine, yielding the diurnally varying part of the tide. For a water-ice crust, we used the plausible values of the elastic parameters 17 m 5 3.52 3 10 9 Pa and n 5 0.33, and assumed a conservative value for the tidal response given by h 2 5 0.32, which corresponds to a diurnal tidal amplitude of ,5 m when 3M/8r av a 3 5 0.01. In a method similar to that used to consider stress along cracks on the moon Europa's surface 18 , diurnal variation in the surface stress normal to a fault can be calculated (Fig. 2) . Tension across a fault opens the feature, allowing pent-up volatiles to be released and eruptions to occur. The time of this release depends on the orientation of the fault and its location. Similar analysis of the stresses normal to the fault can be made all along each tiger-stripe feature near the south pole and comparisons with plume observations can be done to see if any of the features are in tension during the observational sequences.
It was hypothesized that similar venting might be observed on Europa, so the Galileo spacecraft imaging team included a sequence specifically designed to search for plumes. However, at the time and place of those observations, the area imaged was under tidal compression-the least likely condition for venting-and no plumes were detected 19 . In view of this, we can address whether the stress state of the cracks on Enceladus was conducive to venting at the times of the Cassini imaging.
The plume activity on Enceladus was observed at different locations in its orbit during imaging sequences that lasted about an hour. During the January observation, Enceladus was about an eighth of an this fault, which is oriented north-south at a latitude of 70u S and longitude of 225u W is shown. At pericentre the fault is being held closed, because the stress normal to it is compressive. However, as Enceladus orbits, the stress changes from compression to tension, allowing the fault to open, possibly exposing liquid water or other volatiles and creating an eruption. The fault remains in tension for half of an orbit, at which point the normal stress once again becomes compressive, forcing the crack to close, ending any possibility of an eruption. orbit past apocentre and 46% of the tiger stripes were in tension for the hour-long imaging sequence (Fig. 3a) . Tiger stripes between 225u W and 45u W longitude (11% of the rift system) experienced a switch to compression. This observation was scheduled during the part of the orbit when the rifts were in the process of closing as the stresses became compressive. Hence, during the February (Fig. 3b) observations, taken at about at an eighth of an orbit before pericentre, only 16% of the tiger stripes remained in tension while more of the system (4%) switched to compression. We would therefore expect the plume activity in the February detection to be less intense than in the plumes of January, but the different viewing geometries make direct comparisons between the observations difficult, because particles in the plumes are strongly forward-scattering and the intensity of scattered light from the plumes dramatically increases with increasing phase angle. Finally, during the November observation sequence, taken near apocentre (Fig. 3c) , 82% of the tiger stripes experienced tension during the imaging sequence.
The three observations of plumes near the south pole show a progression as Enceladus orbits from apocentre towards pericentre. In November, with Enceladus near apocentre, almost the entire region is experiencing tension along the rifts (Fig. 3c) . In January, the rifts are beginning to close after passing apocentre, beginning with Damascus sulcus and Baghdad sulcus (Fig. 3a) . As Enceladus approaches pericentre, most of the system is in compression (Fig. 3b) . We predict that activity should be lowest when Enceladus is near pericentre and highest when Enceladus is near apocentre (see the Supplementary Information).
Because most of the system is in tension during the November observations, jets can be observed erupting nearly anywhere along the rifts (see Supplementary Information) . However, if tides control the eruption process, we predict that improved triangulation methods 20 will find that the observed jets are not distributed evenly throughout the rift system. The location of jets may be controlled by tides in two different ways. First, if jets occur where a rift first opens in tension, allowing the pent-up volatiles to erupt, favoured recent jet locations will be found along Alexandria sulcus near 160u W, 72u S, along Cairo sulcus near 170u W, 77u S and 50u W, 75u S, along Baghdad sulcus near 210u W, 70u S and along Damascus sulcus near 240u W, 70u S. Second, tidal stress levels may influence the locations where jetting occurs. The locations along each rift where tidal stresses are close to their maxima are near 105u W, 74u S along Alexandria sulcus, near 115u W, 84u S along Cairo sulcus, near 315u W, 89u S along Baghdad sulcus and near 275u W, 80u S along Damascus sulcus. Thus, of these locations, the ones in Baghdad sulcus and Damascus sulcus opened earlier than the locations along the other two rifts and Baghdad sulcus or Damascus sulcus or both are the most likely sources for the November jets.
A Cassini imaging sequence now planned for 24 April 2007 would take place over about 1.5 h, while Enceladus is about one-fifth of an orbit past pericentre (Fig. 3d) . We find that during this time 57% of the tiger stripes will be in tension. Like the November plume observation, a significant portion (6%) of the features will be in the process of opening up as the tension across them changes from compression to tension.
On the basis of the geometry of the imaging sequence in April, sources for plumes erupting from the region of Baghdad sulcus, Alexandria sulcus and Cairo sulcus will be difficult to locate on the surface. Without the surface being resolved in the image a plume in that region could originate from Baghdad sulcus in the foreground or Alexandria sulcus in the background. However, activity from Damascus sulcus should be observationally distinct from the rest of the tiger-stripe rift system and the rift will have recently experienced tension, providing an opportunity to observe the beginning stages of eruptions on Enceladus and test the two scenarios described above. If eruptions are controlled by the release of pent-up volatiles, this observational sequence could reveal an especially active phase as pent-up volatiles begin to erupt along Damascus. However, if stresses near their maxima control the formation of jets then this rift may be observed to be inactive.
